INTRODUCTION {#s1}
============

Although the treatments for colorectal cancer (CRC) have developed rapidly in recent years, CRC still remains one of the most commonly diagnosed cancers and the second leading cause of cancer-related death worldwide \[[@R1], [@R2]\]. CRC patients with early stage generally have an relatively good prognosis after curative resection, but the prognosis for patients with lymph node invasion or distant metastases remains poor. Therefore, it is imperative to searching more specific histopathological markers for CRC progression.

As a compelling stem cell marker, CD44 has been reported to play important roles in tumor initiation and metastasis \[[@R3]\]. CD44 is a glycosylated cell surface molecule which belongs to a family of hyaluronan binding proteins. It is encoded by a single gene containing 20 exons and is located on the short arm of chromosome 11 (11p13), and has many variant isoforms generated by alternative splicing of at least 10 variant exons. All isoforms contain a constant region comprising a large ectodomain, a transmembrane domain, and a cytoplasmic domain. These domains are encoded by the first five exons and the last five exons (16-20), accounting for the smallest but ubiquitously expressed isoform CD44. Close to the trans-membrane region, a variable part encoded by various combinations of exons 6-15 can be included, giving rise to CD44 variant isoforms. The CD44 family is important in a variety of physiological and pathological processes, including wound healing, inflammation and cancer biology.

Among the isoforms of CD44, CD44v6 has evoked special interest. CD44v6, like all other isoforms, contains a hyaluronan-binding site in its extracellular domain and serves as a major cell surface receptor for hyaluronan \[[@R4]\]. CD44v6 is more specifically expressed in cancer tissues, but CD44 has an ubiquitously expression pattern \[[@R5]\]. Therefore, CD44v6 has attracted more interest than CD44 in terms of tumor markers, diagnosis, and treatment. In fact, CD44V6 has been implicated in promoting cancer progression by regulating the extracellular matrix, suppressing tumor apoptosis and promoting cell motility \[[@R6]\]. Increased levels of CD44V6 has been found in various types of tumors and could serve as a prognostic marker in various solid tumors, including gastric cancer \[[@R7]\], osteosarcoma \[[@R8]\], lung cancer \[[@R9]\], esophageal cancer \[[@R10]\], and hepatocellular cancer \[[@R11]\].

Many studies have been conducted to explore the relationship between CD44v6 and the prognosis of CRC \[[@R12]--[@R32]\]. Most of these researches suggested that overexpression of CD44V6 was associated with tumor metastasis and worse overall survival in patients with CRC. However, controversial results have been reported by some other studies. To further clarify these issues, we conduct this meta-analysis including all of the evidence to date.

RESULTS {#s2}
=======

Search results and study characteristics {#s2_1}
----------------------------------------

Three hundred and seventy potential papers were identified initially using the search strategy above, 326 of which were excluded after reading the titles and abstracts. After reading full texts, we excluded another 23 studies due to no usable data and not-immunohistochemistry method. Finally, 21 studies met the inclusion criteria and included in this meta-analysis, including 3918 cases. The detailed literature selection procedure was described in Figure [1](#F1){ref-type="fig"}. All these studies evaluated the expression of CD44v6 and risk of CRC by IHC staining method. The detailed characteristics of the studies are shown in Table [1](#T1){ref-type="table"}.

![Flow chart for study selection](oncotarget-08-12866-g001){#F1}

###### Characteristics of the included studies

  Author \[Ref\]           Year     Country                                                                         N            Distance    TNM                   5-year       5-year
  ------------------------ -------- ------------ ------ ----------- ---------- ------------ ---------- ------------ ------------ ----------- ---------- ---------- ------------ -----------
  Nihei \[[@R12]\]         \#\#\#   Japan        42     5.9-71.3m   NA         NA           NA         NA           NA           H(8/13)     NA         H(9/12)    H(7/21)      NA
                                                                                                                                 L(2/19)                L(13/9)    L(18/21)     
  Wielenga \[[@R13]\]      \#\#\#   Netherland   68     6.5-9.5y    NA         NA           NA         NA           NA           NA          NA         NA         H(1/11)      NA
                                                                                                                                                                   L(13/13)     
  Ropponen \[[@R14]\]      \#\#\#   Finland      194    14y         NA         H(119/24)    NA         NA           NA           NA          NA         H(74/68)   H(53/133)    NA
                                                                               L(49/2)                                                                  L(49/2)    L(30/47)     
  Yamane \[[@R15]\]        \#\#\#   Japan        44     NA          NA         NA           H(10/7)    H(2/17)      H(8/11)      H(14/5)     NA         H(6/13)    H(8/19)      NA
                                                                                            L(14/10)   L(5/20)      L(17/8)      L(23/2)                L(16/9)    L(2/25)      
  Gu \[[@R16]\]            \#\#\#   China        32     NA          NA         NA           NA         NA           H(10/9)      H(5/7)      NA         NA         NA           NA
                                                                                                                    L(12/1)      L(13/0)                                        
  Ishida \[[@R17]\]        \#\#\#   Japan        63     NA          NA         NA           H(22/2)    H(10/14)     H(13/11)     H(19/5)     NA         H(14/11)   NA           NA
                                                                                            L(34/6)    L(5/34)      L(20/19)     L(34/5)                L(20/19)                
  Martin \[[@R18]\]        \#\#\#   Germany      145    NA          NA         H(52/10)     NA         H(14/48)     H(36/26)     H(54/8)     NA         H(35/27)   H(41/62)     NA
                                                                               L(70/13)                L(28/55)     L(51/32)     L(78/5)                L(49/34)   L(60/83)     
  Liu \[[@R19]\]           \#\#\#   China        62     NA          NA         H(11/11)     NA         NA           H(10/12)     H(12/10)    NA         NA         NA           NA
                                                                               L(13/5)                              L(13/5)      L(14/4)                                        
  Liu \[[@R20]\]           \#\#\#   China        50     NA          NA         NA           H(22/9)    NA           NA           H(23/9)     NA         H(9/23)    NA           NA
                                                                                            L(14/5)                              L(15/3)                L(13/5)                 
  Peng \[[@R21]\]          \#\#\#   China        259    44m         NA         NA           NA         H(46/83)     H(70/59)     H(107/22)   H(70/59)   NA         H(107/129)   NA
                                                                                                       L(55/75)     L(77/53)     L(117/13)   L(77/53)              L(119/130)   
  Peng \[[@R22]\]          \#\#\#   China        179    3y          NA         NA           NA         NA           NA           NA          NA                    H(39/75)     H(38/75)
                                                                                                                                                                   L(87/104)    L(84/104)
  Zlobec \[[@R23]\]        \#\#\#   Switerland   1279   NA          NA         H(770/113)   NA         H(177/703)   H(478/391)   H(243/42)   NA         NA         H(157/285)   NA
                                                                               L(306/37)               L(49/296)    L(159/178)   L(87/26)                          L(54/112)    
  Avoranta \[[@R24]\]      \#\#\#   Finland      214    NA          NA         NA           NA         H(43/62)     H(68/37)     NA          NA         NA         NA           H(76/105)
                                                                                                       L(21/51)     L(40/32)                                                    L(40/72)
  Rao \[[@R25]\]           \#\#\#   China        190    NA          NA         H(103/34)    NA         H(16/121)    H(81/56)     H(113/25)   H(69/68)   NA         H(29/58)     NA
                                                                               L(35/18)                L(3/50)      L(25/28)     L(42/10)    L(24/29)              L(41/53)     
  Garouniatis \[[@R26]\]   \#\#\#   Greece       183    72m         NA         NA           NA         NA           NA           NA          NA         NA         H(37/76)     NA
                                                                                                                                                                   L(90/107)    
  Li \[[@R27]\]            \#\#\#   China        57     5y          NA         NA           H(25/11)   NA           H(10/26)     NA          NA         H(8/28)    H(19/36)     NA
                                                                                            L(20/1)                 L(16/5)                             L(16/5)    L(17/21)     
  Saito \[[@R28]\]         \#\#\#   Japan        133    NA          H(16/22)   NA           H(18/20)   H(1/37)      H(21/17)     NA          NA         NA         H(20/38)     H(21/38)
                                                                    L(38/37)                L(50/25)   L(3/72)      L(47/28)                                       L(65/75)     L(59/75)
  Lee \[[@R29]\]           \#\#\#   Korea        167    54.5m       NA         NA           NA         NA           NA           NA          NA         NA         H(25/46)     NA
                                                                                                                                                                   L(80/118)    
  Wang \[[@R30]\]          \#\#\#   China        203    NA          NA         NA           NA         NA           H(78/26)     NA          NA         NA         NA           NA
                                                                                                                    L(86/13)                                                    
  Chen \[[@R31]\]          \#\#\#   China        167    64m         H(45/55)   NA           H(4/91)    H(16/85)     H(93/8)      NA          H(16/85)   NA         H(87/101)    NA
                                                                    L(30/36)                L(2/62)    L(11/55)     L(64/2)                  L(11/55)              L(48/66)     
  Zhao \[[@R32]\]          \#\#\#   China        187    NA          H(91/44)   NA           H(86/48)   H(24/101)    H(82/53)     NA          NA         NA         NA           NA
                                                                    L(42/10)                L(43/10)   L(15/74)     L(42/10)                                                    

Correlation of CD44v6 with clinicopathological features of CRC {#s2_2}
--------------------------------------------------------------

The association between CD44v6 and several clinicopathological features of CRC was illustrated in Table [2](#T2){ref-type="table"}. The results of this meta-analysis showed CD44v6 overexpression was associated with lymph node invasion ((OR=1.48(positive versus negative), 95%CI= 1.02-2.15, p=0.04), and Dukes stage ((OR=2.47(Dukes C+D versus A+B), 95%CI= 1.29-4.73, p=0.01) (Figure [2](#F2){ref-type="fig"}). However, CD44v6 was not associated with other clinicopathological features such as T categary (OR=0.90, 95%CI =0.62-1.29, p=0.56), distance metastasis (OR=1.46, 95%CI =0.81-2.64, p= 0.21), tumor size (OR=1.37, 95%CI=0.91-2.06, p=0.13), tumor grade (OR=1.17, 95%CI=0.86-1.58, p=0.32), and tumor differentiation (OR=1.56, 95%CI =0.96-2.56, p=0.08), though there was a tendency that overexpression of CD44v6 related to more metastasis, larger tumor size and poor differentiation.

###### CD44v6 with the clinicopathological features of colorectal cancer

  Features            RR(95%CI)         P value   P~het~
  ------------------- ----------------- --------- --------
  T categary          0.90(0.62-1.29)   0.56      0.03
  (T3+4/T1+2)                                     
  Lymph node          1.48(1.02-2.15)   0.04      0.00
  (N1/N0)                                         
  Metastasis          1.46(0.81-2.64)   0.21      0.01
  (M1/M0)                                         
  Tumor size          1.37(0.91-2.06)   0.13      0.4
  (Large/Small)                                   
  Differentiation     1.56(0.96-2.56)   0.08      0.27
  (Poor/Well)                                     
  Grade               1.17(0.86-1.58)   0.32      0.08
  (Grade3/Grade1+2)                               
  Dukes               2.47(1.29-4.70)   0.01      0.01
  (Dukes C+D/A+B)                                 
  5y-OS               0.78(0.67-0.91)   0.001     .09
  DFS                 0.85(0.63-1.15)   0.29      0.09

![**A.**Forest plots of CD44v6 overexpression and Dukes stage of colorectal cancer; **B**. Forest plots of CD44v6 overexpression and lymph node invasion.](oncotarget-08-12866-g002){#F2}

Impact of CD44v6 on 5-year OS and DSF of CRC {#s2_3}
--------------------------------------------

A total of thirteen studies reported the association of CD44v6 and 5-year OS rate of CRC, while only three studies reported the correlation of CD44v6 with 5-year DSF rate of CRC. The pooled analysis revealed that CD44v6 overexpression was significantly associated with poor 5-year OS rate in a fixed-effects model (OR=0.78, 95%CI =0.67-0.91, p=0.001) (Figure [3](#F3){ref-type="fig"}), 5-year OS rate was 0.78-fold lower in CD44v6-positive patients; There was also a tendency that overexpression of CD44v6 related to poor 5-year DFS rate, though the association was not statistically significant CRC (OR=0.85, 95%CI =0.63-1.15, p=0.09).

![Forest plots of CD44v6 overexpression and 5-year overall survival rate](oncotarget-08-12866-g003){#F3}

Sensitivity analysis {#s2_4}
--------------------

Influence analysis was performed to assess the influence of each individual trial on the pooled ORs regarding of 5-year OS by sequential omission of individual trial. The analysis suggested that no individual trial could statistically significant affected the pooled ORs of 5-year OS (Figure [4A](#F4){ref-type="fig"}). However, we found that Zlobec\'s study may affect other pooled ORs such as that of metastasis (Figure [4B](#F4){ref-type="fig"}). In fact, while excluding Zlobec\'s study, the pooled analysis suggested that CD44v6 overexpression was associated with distance metastasis (OR=1.65, 95%CI=1.13-2.40, p=0.01) (Figure [5](#F5){ref-type="fig"} and Table [3](#T3){ref-type="table"}).

![**A.** Influence analysis regarding 5-year overall survival rate; **B**. Influence analysis regarding Metastasis.](oncotarget-08-12866-g004){#F4}

![Forest plots of CD44v6 overexpression and metastasis after excluding Zlobec\'s study](oncotarget-08-12866-g005){#F5}

###### CD44v6 and CRC after excluding Zlobec\'s study

  Features            RR(95%CI)         P value   P~het~
  ------------------- ----------------- --------- --------
  T categary          1.01(0.77-132)    0.95      0.06
  (T3+4/T1+2)                                     
  Lymph node          1.62(1.09-2.40)   0.02      0.001
  (N1/N0)                                         
  Metastasis          1.65(1.13-2.40)   0.01      0.06
  (M1/M0)                                         
  Grade               1.24(0.46-3.36)   0.68      0.04
  (Grade3/Grade1+2)                               
  5y-OS               0.72(0.62-0.86)   0.00      0.25

Publication bias {#s2_5}
----------------

Potential publication bias was examined by funnel plots in the analysis of CD44v6 expression and 5-year OS rate. The shapes of the funnel plots was symmetric, suggesting no obvious publication bias. Furthermore, the p values assessed by the Begg\'s test and Egger\'s test were all greater than 0.05, indicating no obvious publication bias among these studies regarding the OR for 5-year OS rate (Figure [6](#F6){ref-type="fig"}).

![Funnel plot (A) and Begger\'s test (B) for publication bias](oncotarget-08-12866-g006){#F6}

DISCUSSION {#s3}
==========

Cancer-stem cells (CSCs) are regarded to be significantly responsible for initiation, growth, metastasis and recurrence of various tumors \[[@R33]\]. Many cell surface molecular have been used to mark CSCs from different tumors, such as CD44, CD24, CD133, and aldehyde dehydrogenase1 (ALDH1) \[[@R34]\]. Regarding the biological properties of CSCs, many studies suggested that evaluation of CD44, specially its variant isoform CD44v6 expression in CRC tissues may be useful in the future as a novel prognostic factor. Despite a variety of clinical studies on CD44v6 and CRC, no consensus has been reached in detail. Based on the previous studies, we performed this meta-analysis to systematically review the correlation between overexpression and clinical significance of CD44v6 in CRC.

To our knowledge, this is the first meta-analysis which systematically evaluated the association between CD44v6 expression and the risk of CRC and its clinicopathological parameters. Our meta-analysis included 21 studies with a total of 3918 cases, reflecting a large sample size and strong statistical power. In this meta-analysis, we found that overexpression of CD44v6 is related to lymph node metastasis, Dukes stage of CRC, and distance metastasis. Furthermore, CD44v6 overexpressed CRC patients was of lower 5-year overall survival in comparison with negative cases. In conclusion, overexpression of CD44v6 and its clinicalpathological features are closely related in CRC. Our results provide further support to the potential translational significance of CD44v6 in CRC. Todaro and colleagues \[[@R35]\] found that CD44v6 expression is higher in metastasis CRC tissues and CD44v6-positive CRC stem cells are required for their migration and generation of metastatic tumors. Wang\'s study \[[@R36]\] suggested that CD44v6-competent tumor exosomes could promote motility and invasion by stimulating cancer-initiating cell marker expression. Matzke-Ogi found that peptide inhibitors of CD44v6 could block tumor growth and metastasis in several independent models of pancreatic cancer. This study also suggested that the CD44v6 peptide was more efficient than the MET inhibitor crizotinib and the VEGFR-2 inhibitor pazopanib in reducing xenograft tumor metastasis \[[@R37]\]. CD44v6 may also promote ovarian cancer cell invasion by promoting β-catenin and TGF-β expression \[[@R38]\]. Furthermore, overexpression of CD44v6 could contribute to chemoresistance in CRC cells under cytotoxic stress via the modulation of autophagy and EMT, and activation of the PI3K and MAPK pathways \[[@R39]\]. While our meta-analysis and many clinical studies have suggested oncogene properties of CD44v6, there are still some controversies between the overexpression and clinical significance of CD44v6 in CRC \[[@R23], [@R40], [@R41]\]. Therefore, more prospective study needs to be conducted on this issue.

Although this meta-analysis aimed to provide the best possible estimate of the correlation between the clinical significance of CD44v6 in CRC, it may have limitations. First, the number of included articles was relatively small with only about 3918 cases. Second, there was between-study heterogeneity in most of the analysis, this may be due to the different concentrations of antibodies, the different cut-off values of CD44v6 expression used in the studies. Third, although immunohistochemistry was the most commonly applied method for detecting CD44v6 in situ, RT-PCR method had also been used for the evaluation of the levels of CD44v6 mRNA expression in CRC tissue. However, these studies measuring CD133 mRNA level by RT-PCR were not yet included in this meta-analysis. Finally, publication bias may have occurred though the funnel plot did not show it since negative findings were likely to be unreported.

In summary, despite the limitations listed above, this meta-analysis shows a significant correlation between CD44v6 overexpression and 5-year OS rate as well as metastasis in CRC patients. CD44v6 may have prognostic significance for CRC patients based on currently obtained data. Further larger well-designed prospective studies are warranted to confirm these findings from our study.

MATERIALS AND METHODS {#s4}
=====================

Search strategy {#s4_1}
---------------

Eligible studies were retrieved by searching the following database: Medline, Embase, and Web of Science. The search strategy included the following keywords: "CD44V6", "CD44 variation 6", "colorectal cancer", "colon cancer", "rectal cancer". In addition, the reference list of each primary study and of previous systematic reviews were also manually searched to avoid missing studies.

Study selection {#s4_2}
---------------

All eligible studies evaluated the association between CD44v6 expression and the risk of CRC were selected in this meta-analysis. Studies meeting the following inclusion criteria were included: 1) CD44v6 expression was detected in CRC by immunohistochemistry; 2) studies about the relationship between CD44v6 expression and the clinicopathological features or prognosis of CRC; 3) studies regarding the prognosis of CRC provided sufficient data to estimate hazard ratios (HRs) for overall survival (OS) or disease free survival (DFS). Those meta-analysis, reviews or systematic reviews, abstracts, letters and those provided not sufficient data and not using immunohistochemistry were exluded. We did not assess the methodologic quality of the included studies, given that quality scorings of observational studies in meta-analysis is controversial.

Data extraction {#s4_3}
---------------

All data were independently extracted by two investigators (JW and WS), and disagreements in data extraction were resolved by discussion. The following data were recorded from each article: the name of first author, publication year, country of the population studied, number of cases, duration of follow-up, T category, N category, distant metastasis, tumor size, histology, tumor grade, TNM stage, Dukes stage, and most importantly the 5-year OS rate and 5-year DFS rate. For those studies which didn\'t provide 5-year OS and DFS directly, Kaplan--Meier curves were read by GetData Graph Digitizer (<http://getdata-graph-digitizer.com>).

Statistical analysis {#s4_4}
--------------------

Statistical analysis was performed using STATA 11.0 (Stata Corporation, College Station, Texas). Comparisons of CD44v6 expression in groups with different clinicopathologic features and prognosis of CRC were assessed by pooled estimates of risk ratio as well as the 95% CI. p values less than 0.05 were considered statistically significant. The chi-squared (χ2) test and I2 statistics was calculated to assess between-study heterogeneity. Fixed-effects models (Mantel-Haenszel) were used when there was no between-study heterogeneity, otherwise, the random effect models (DerSimonian and Laird) were used. A funnel plot was used for estimating the potential publication bias, while the degree of asymmetry was determined by Begg\'s and Egger\'s test. Influence analysis was conducted by omitting each study to find potential outliers. Two authors (JW and WS) performed the statistical analysis independently and got the same results.
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